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Abstract 
This research aimed to produce national standardized (SNI) compost 
which followed an optimal composting process. Therefore, some organic 
materials were added to cow manure in order to: (1) increase the pH, (2) 
increase the soil porosity and (3) maintain the biomass water content 
during the process. The leftover fodder such as elephant grass, straw, 
sawdust, and rice husk have a potential to function as additional 
materials to process the cow manure compost which fulfils the standard 
of process and quality. The ratio of cow manure to additional materials 
was 1:1 based on the volumes. The initial temperature of the composting 
process was measured at the mesophilic. Starting from day 15-25 
biomass temperature was measured at the thermophilic phase; however, 
it did not last long since the temperature was found at the mesophilic 
phase afterwards. The degree (pH) of the composting process of the cow 
manure followed by other treatments at the initial composting phase was 
4.22 – 4.41, but after the process had been carried out for 69 days, the 
biomass pH increased to neutral pH of 6.68 – 6.8. The pattern of the 
changing average values of C/N was linear with gradient between 0.0083 
– 0.063, and r2 = 0.86 - 0.96. In general, the results of composting the cow 
manure biomass with additional materials (sawdust, rice husk, elephant 
grass, and straw) after 69 days were able to comply with the 
requirements of compost quality national standard (SNI). 
Key words: optimize, composting, organic material, equation. 

INTRODUCTION 

Compost is a solid organic fertilizer which contains both micro and macro 

nutrients needed by plants to grow. It has been proved that cow manure compost at a 

dose of 15 – 25 ton/ha can improve the physical, chemical, and biological properties of 

the soil [1]). The soil organic materials are also improved by 5 %. In other words, the 
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soil is categorized fertile with cat-ion exchange capacity 25 – 29 me/100g. Besides, on 

the soil of which porosity is more than 50 %, the population of non pathogen microbes 

is developed into 104 – 106 cfu which means that the compost minerals are degraded 

into some nutrients which are needed for the potato plants to grow [2]. 

Based on the beneficial values of the organic compost, the local government in 

the province of Bali has been promoting an integrated farming system program called 

SIMANTRI. This program brings together Balinese livestock, fishery, and agriculture to 

improve national food security. Each of SIMANTRI groups will get a cattle colony and 

20 cows so that the farmers can produce compost. 

A cow which weighs ± 400-500 kg can produce 30 – 40 kg feces per day. 

Therefore, a livestock farmer who owns 20 – 30 cows can potentially process 600 - 

1200 kg of cow feces and leftover fodder per day. The cow feces can be composted 

because it contains 0.4 - 1 % of nitrogen , 0,2 - 0,5 % of phosphor, 0,1 – 1,5 % of 

potassium, and other minerals such as Ca, Mg, Mn, Fe, Cu, or Zn. The number of 

compost that can be produced from 1000 kg feces is 400 – 540 kg. The number of 

compost that can be produced from 1000 kg feces is 400 – 540 kg [3]. 

Composting is a complex chemical and biological process during which solid 

organic materials are decomposed by microbes into more stable compounds that later 

can be used as an organic fertilizer at a controlled temperature, pH, water content, 

and oxygen concentration  [4]; [5];  and [6]). The composting process generates: (1) 

chemical reactions phenomena, (2) micro- organism population change, (3) biomass 

temperature change, (4) biomass pH change, (5) biomass materials composition 

change and (6) biomass gases concentration change [3]; [7]; [8]). In a good composting 

process: (1) the biomass temperature passes the thermophilic phase at a temperature 

of ± 55 oC for about two days, (2) the composting pH reaches 4,5 – 8, (3) the biomass 

water content is ± 50 % wet base (w.b.), and (4) the smell does not pollute the 

environment. At the thermophilic temperature, pathogenic microbes will be deadly to 

humans, plants, and animals [8]. 

Farmers who run the SIMANTRI program have not executed the composting 

program appropriately. As a result: (1) the composting process lasts more than 2 

months, (2) the compost produced has not yet met the national standard of compost 

quality (SNI) and (3) the organic fertilizer generates a bacterium which causes the 

fusarium wilt disease progressing the plants wither and perish [9]. 
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Cow feces contains: (1) pH 4,3 – 5, (2) 80 – 92 % w.b of water, and ± 230 kg/m3 

of mass density. The composting process of cow feces, thus, needs to involve other 

organic materials which are able to: (1) increase the pH, (2) increase the soil porosity 

and (3) maintain the biomass water content during the process. The leftover fodder 

such as elephant grass, straw, sawdust, and rice husk have a potential to function as 

additional materials to process the cow manure compost which the standard of 

process and quality 

The additional organic materials have different physical and chemical 

properties. Therefore, an analysis should be conducted to optimize the composting 

process so that the results can be satisfying. The composting process should be 

executed with an open windrow technique in which biomass is placed more than 1,2 m. 

Compost as an organic fertilizer can improve soil fertility, increase the biological and 

improve the physical properties of the soil. Fertilizing with compost increased the 

fraction of dust on the soil, because decomposition of the compost is produced 

minerals constituent of dust produces minerals constituent of dust fractions such as Fe, 

Cu, Mg, Al, Ca, and Mn [1] and [2]. 

I. MATERIALS AND METHODS  

 Materials 

Main material used for compost in this research was the cow faeces collected 

from SIMANTRI farming groups in Tabanan, Bali Indonesia. Elephant grass, straw, 

sawdust, and rice husk were then added into the cow feces to produce the compost. 

Chemical substances used for the C-organic, N-organic, and Cat-ion Exchange Capacity 

(CEC) analysis were K2Cr2O7, Fe2SO4, H2SO4, CuSO4, Na2SO4, NaOH, HCl, NH4OH, 

Na2SO5, BaCl2, 80% of alcohol, aquadest, and NH4-acetate. 

Methods 

The composting experiment involved five treatments as follows A = composting 

cow manure, B = composting cow manure + straw; C = composting cow manure + 

straw using the 1 : 1 ratio; composting cow manure + rice husk; D = composting cow 

manure + sawdust; E = composting cow manure + elephant grass. The ratio of cow 

manure to additional materials was 1:1 based on the volumes. Every experimental unit 

was repeated three times, in total 15 experimental units. A completely randomized 
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design was employed. 

Before the composting process the main ingredients (cow dung) are mixed with 

auxiliary materials and water until the conditions of homogeneous biomass at 

moisture content ± 50% w.b. The composting process is done by open windrow 

method with half-cylinder model. The stack of biomass has a 3 m long dimension and 1 

m heap radius. To reduce the rate of evaporation of water from biomass, the pile of 

biomass is closed using a plastic sheeting. During the composting process carried out 

biomass reversal every 7 days [8]. 

Variables observed were temperature, pH, carbon and nitrogen content, colour, 

and texture. The temperature and pH of the biomass were observed every 3 days at 

09.00 a.m. There were 16 observational points at 5, 45, 85, 125 and 165 cm depth on 

every point along the direction of every 15, 60, 105 and 150 cm  pile. 

Samples to observe were the biomass chemical contents (carbon, nitrogen, K2O, 

P2O5, Ca, Mg, Fe, Al), Cat-ion Exchange Capacity (CEC), colour and texture. All samples 

were collected from five points randomly determined. The observation was conducted 

every 4 weeks. An analysis was then conducted on the biomass chemical contents, 

(carbon, nitrogen, K2O, P2O5, Ca, Mg, Fe, Al), Cat-ion Exchange Capacity (CEC), colour 

and texture. The analysis of C-organic content was performed by the AOAC 1995 

method, and the analysis of N-organic content of the content was performed through 

Kjeldahl procedure. 

The research data was analysed statistically with variant and Duncan analysis. 

The data on the biomass temperature, pH, C/N was described by a graph which shows 

the relationship between the composting duration and parameter. 

Data Analysis 

The data from the research results were analyzed for the mean value, standard 

deviation, variance and the smallest data test. Data on temperature, pH, carbon content, 

nitrogen content and C / N values were graphed for the relationship with these 

parameters 

RESULTS AND DISCUSSION 

Raw Materials 

The physical and chemical properties of the materials for composting research in 



Journal of Global Biosciences             Vol. 10(6), 2021 pp. 8834-8849 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    8838 

the form of cow dung, sawn wood, elephant grass, rice husks and rice straw have 

criteria as shown in table 1. 

Table 1 The criteria of raw material 

 
Treatments C/N pH density, 

kg/m3 

Temperat 

ure 

Water 

content, % 

w.b 

Cow feces 24,2±0,3c 4,31±0,02
a 

230±12a 28,2±0,2a 51±1,2a 

Cow feces + sawdust 33,8±0,2a 4,34±0,01
a 

195±11c 28,2±0,3a 52±1,1a 

Cow feces + rice husk 30,7±0,4b 4,32±0,02
a 

201±9b 28,2±0,2a 50±1,6a 

Cow feces + elephant 
grass 

26,6±0,3c 4,33±0,04
a 

205±7b 28,2±0,3a 51±1,5a 

Cow feces + straw 30,2±0,3b 4,36±0,01
a 

207±14b 28,2±0,2a 52±1,5a 

 

Based on the results of the observation conducted to the biomass C/N, pH, mass 

density, temperature, and water content, it was found that the raw materials fulfilled 

the criteria of good organic materials to be composted. The ratio of carbon nitrogen of 

the biomass was 24,2±0,3 – 33,8±0,2 [9] and [10]. The water content was ± 50 % w.b 

[10] and pH 4,31±0,02 – 4,36±0,01 of the biomass provided a warranty that the 

composting process would be well done since the condition was perfect for microbes 

to grow. 

Besides, the 195 ± 11 – 230±12 kg/m3 mass density provided aerobic oxygen 

and water [2], [8] and [11]. The total oxygen consumption in this process was 40 

moles per kilo of dry organic materials. Research showed that the composting 

process of some agricultural wastes consumed O2 11,8 – 58,1 moles kg-1 per organic 

material in average. The number of O2 consumed depended on the initial value of C/N 

[12]. 

Biomass Temperature During the Composting Process 

The average temperatures of the cow feces biomass added with other organic 

materials during the composting process were explained by Figure 2. The intial 

temperature of the whole process was found at the mesophilic-1 phase (28 – 45 oC), 

and starting from day 15 – 52 the biomass temperature was found at the thermophilic 
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phase (46 – 58 oC); however, the following temperature decreased at the mesophilic-2 

phase. It indicated that the composting process had followed the standardized process 

of composting which consisted of: (1) tearing down organic materials at the 

mesophilic-1 phase, (2) destructing the organic materials (thermophilic phase), and 

(3) finalizing the compost (mesophilic-2 phase) [8], [10] and [13]. This research 

finding that at over 120cm piles, the biomass would reach the thermophilic phase 

which can kill pathogenic microbes. 

 

 

Figure 2 The average temperatures of the biomass from cow feces and other 
organic materials 

 
 

The addition of organic materials such as sawdust, rice husk, elephant grass, and 

straw could successfully improve the biomass porosity. As a result, the chemical 

reactions of composting process went perfectly since the biomass got sufficient 

oxygen. The adequate oxygen had a direct effect on the biomass temperature when it 

was added with organic materials. The biomass temperature, thus, became higher than 

of the biomass made from the cow manure only [8]. 
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Figure 2 The composting temperatures profile based on the biomass pile height 

 

The average temperatures during the composting process at each measurement 

point of 5, 45, 85, 125 and 165 cm pile height and for each treatment are illustrated by 

Figure 2. The temperatures of all treatments at the 5 cm pile height were almost 

similar to the temperatures of all treatments at the 165 cm pile height. Both were close 

to the air or the soil so that the heat was released from the biomass to the 

environment (the soil or the air). The highest temperature was found at the 85 cm pile 

height or the middle height of the biomass piles in all treatments. 

In the beginning of the micro-organism composting process, the heat produced 

was not significant enough to change the temperature of the biomass. The micro-

organism tended to use the heat in cell synthesis [14] and [10]. The temperature at the 

mesophilic phase increased sharply due to logarithmic micro-organism growth. At 

this phase, the rate of the composting chemical reaction also rose significantly so that 

heat produced was much greater than of the total heat released to the environment for 

water evaporation and cell synthesis. 

The composting temperature fell after it reached the peak due to a decrease in the 

reaction heat because the rate of the composting reaction dropped and the water evaporation 

heat surged. The heat produced by the composting process constituted the function of the rate 

of composting chemical reaction. The speed of an aerobic composting chemical reaction is 

indicated by the rate of oxygen consumption [15]. 
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The Degree of Biomass Acidity 

The acidity degree (pH) of the composted cow manure biomass in the beginning of the 

process was 4,22 – 4,41, but after the composting had been carried out for 69 days, the 

pH was changed into 6,68 – 6,8 or neutral [5]. In the beginning of the process the 

composted cow manure biomass mixed with sawdust, rice husk, elephant grass, and 

straw was likely acidic. Excess H+ ions could result in the decomposition and release of 

metal ions from micro-organism, of metal ions from minerals and organic materials. 

 

Figure 3 The acidity degree of the cow manure biomass and other organic materials 
 
The increase in pH was caused by the demineralization or organic materials particularly 

of micro elements Al+ , Fe2+, Zn+, Mg2+, K+, Ca2+ and other minerals [16]. These cat-ions 

would make a bond with acids which were formed during the composting process and 

as a result would increase the composting reaction pH. Besides, there were some smelly 

gases released into the environment and this process was dominated by H2S which was 

acidic [8]. At pH below 7, the composted biomass was most likely acidic. Excess H+ i ions 

could result in the decomposition and release of metal ions from micro-organism, of 

metal ions from minerals and organic materials [17]. 

H2S was released during the mixing process between 0,028-0,8 ppm. The difference of 

released H2S without mixing and during mixing was 0,28-0,3 ppm. It showed that 

during the mixing, the H2S gas emission was decomposed by Beggiatoa to sulphur and 

water. However, due to limited O2, H2S could not be broken down perfectly and the 

emission remained. 
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The increase speed of pH started to fall in the seventh week because the activity of the 

microbes lessened since (1) there was less food, and (2) the microbes which could 

survive were selected by the composting temperature at the thermophilic phase and at 

weak pH. Another reason was because the number of released cat-ions decreased 

while the acids produced rose to cause to release basic NH3. NH3 lost during the mixing 

of the compost varied from 1,4 ppm to 2,3 ppm [8]. 

The Carbon, Nitrogen, and C/N Content of the Biomass 

The carbon contained in the cow manure biomass added with other organic materials 

was likely to fall with a pattern described by Figure 4. The relationship between 

composting duration (x) and the carbon contained in the biomass (y) was indicated by 

an exponential curve. The equations representing the composting process of cow 

manure, cow manure + sawdust, cow manure + rice husk, cow manure + elephant grass 

and cow manure + straw were y = 15.978e-0.274x, y = 17.114e-0.306x, y = 15.978e-0.274x, 

y = 8.6739e-0.256x and y = 11.207e-0.28x respectively with r2 = 0,85 – 0,95. Statistically, the 

treatments given to the materials during the composting process had a real effect on the 

number of carbon contained in the biomass. 

The pattern of decreased C organic with the highest rate was found in the composting 

process of cow manure with straw. This condition provided sufficient carbon to 

decompose by the microbes since the values of C/N achieved more than 30. Besides, the 

mass density was more than 200 kg/m3 so that the oxygen concentration was adequate 

for the microbes to decompose the biomass at a constant temperature of 28 – 55,3 oC. 

The biomass carbon content declined since it was used by the microbes to construct 

their cells and 40% of the microbe cells consisted of carbon. In addition to that, some of 

the carbons were released as CO2. 

 

Figure 4 Carbon contained in the biomass during the composting process 
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Figure 5 illustrates changes in nitrogen contained in the biomass during the composting 

process. The nitrogen changing patterns during the composting process of cow manure, 

cow manure + sawdust, cow manure + rice husk, cow manure + elephant grass and cow 

manure + straw were linear with each equation respectively as follows: y = -0,063x + 

0,687, y = -0,0236x + 0,5664, y = -0,035x + 0,602, y = -0,0083x + 0,3677, and y = -

0,0306x + 0,4204 with r2 0,86 – 0,98. Statistically, the addition of agricultural wastes 

had a significant effect on the biomass nitrogen content during the composting process. 

The additives in the composting process decrease the percentage of nitrogen in the 

composted biomass. 

The decrease in the biomass nitrogen content reached the highest at the control 

treatment or at the composted phase of pure cow manure. It occurred because the 

nitrogen was released in the form of ammonia and because there was not enough 

oxygen. The biggest lost happened during the biomass mixing. Mixing of biomass was 

done every week. 

The decrease in the biomass nitrogen content reached the lowest when the cow manure 

was added with elephant grass. The highest biomass mass density was found in the 

composted cow manure only compared to the composted cow manure added with 

sawdust, rice husk, elephant grass, and straw. The composting reaction could not go 

well since the nitrogen was released in the form of ammonia [8]. 

 

Figure 5 Nitrogen contained in the biomass during the composting process 
 
The C/N values of the composted biomass added with sawdust, rice husk, elephant 
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grass, and straw are depicted in Figure 6. The pattern of the changing average values of 

C/N was exponential with linear equations representing each treatment of cow manure 

added with sawdust, rice husk, elephant grass as follows : y = 21,685e-0,167x, y = 

30,539e-0,265x, y = 27,466e-0,239x, y = 23,598e-0,232x , and y = 25,466e-0,239x with r2 = 0,77 – 

0,92. Statistically, the addition of agricultural wastes had a significant effect on the 

biomass C/N values during the composting process. 

The fastest composting process was shown by the treatment of cow manure added with 

sawdust. This process indicated initial C/N value of 33,8±0,2, pH 4,34±0,01 and mass 

density 195±11 kg/m3 . It, thus, indicated a good condition for the composting process 

because there was enough oxygen and water provided for the microbes to decompose 

the biomass. 

In the beginning of the composting process, the values of C/N tended to be stable 

because the micro- organisms were adapting and competing with each other so that 

there were only small amount of waste being decomposed. The role of enzymes in the 

chemical reactions of the composting was not yet significant since the temperature and 

pH were not optimal for the selulotic and ligninolytic enzymes to do their activity. 

In the first month of the composting process, the decomposition rate of the organic 

materials was indicated by the changed C/N values which lasted very quickly and 

relatively linear. The constant decomposition rate provided a clear image that 

substrates such as organic materials, O2, and enzymes were available during the 

composting process. The pattern of the C/N value changes described the chemical 

reaction rate of the composting process. 

The increase in the composting chemical reaction produced more CO2 and glucose 

consumed by the micro-organisms for cells construction was increasing. The organic 

materials were decomposed by the micro-organisms into amino acid. It was then used 

by the micro-organisms to construct their cells. Micro- organisms cells contain 50% 

carbon, 20% oxygen, 14% nitrogen, 8% hydrogen, 3% phosphor, 1% sulphur and K+ , 

Na+, Ca2+, Mg2+, Cl-, and vitamins in a small amount [14]. 
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Figure 6 The biomass C/N during the composting process 
 
However, starting from the second month, the decomposing micro-organisms started to 

suffer from nitrogen deficiency to construct their cells [17]. As a result, the composting 

process was slowing down. At the stationary micro-organisms phase, the value of C/N 

decreased but not as significantly as at the logarithmic phase. The decreasing rate of C/N 

was relatively stable at a temperature above 58 oC. The enzymes role was declining and 

the level of acidity was increasing. These two things slowed down the activity of the 

enzymes and influenced the chemical reaction rate of the composting process. 

The amount of nutrients from the composting process used by the thermophilic micro-

organisms to construct their cells in the beginning of the phase was bigger than the 

amount of nutrients used to maintain the cells. However, at the end of the phase, things 

were turned the other way around. The nutrients were used only to maintain the 

thermophilic micro-organisms cells because there was no more development stage to 

follow [8]. 

At the maturation phase, C/N did not fall drastically. It happened because the micro-

organisms activity of decomposing organic materials was slowing down and even 

started to diminish [3]. The micro-organisms were dying since they were no longer able 

to break down the organic materials of which cells structures were much stronger 

similar to hemicellulose and lignins found on the twigs. The micro-organisms, thus, 

survived by feeding on each other [8]. 
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Quality of the Compost 

 
In general, the results of the composted cow manure biomass and other additional 

materials including sawdust, rice husk, elephant grass, and straw had met the 

requirements of the national quality standard of the compost (SNI). Statistically, carbon, 

nitrogen, P2O5, and K2O contained in the biomass for every treatment of adding organic 

materials changed significantly, but the CEC, pH, and C/N differed markedly at the end 

of the composting process. 

The best C/N value of the compost produced at the end of the process was performed by 

the composted cow manure added with elephant grass and the worst C/N value was 

found when the cow manure was added with rice husk. The colour of the compost for 

every treatment was blackish brown. 

Table 3 Quality of the Compost 
 
 

Parameter 

 
 
 
Cow manure 

 
 
Cow manure 

+ sawdust 

Cow manure+ 

rice 

husk 

Cow manure 

+ elephant 

grass 

 
 
Cow manure 

+ straw 

SNI- 

based 

compost 

Total N, % 
 

0,51±0,01ab 
 
0,48±0,02ab 

 
0,48±0,02ab 

 
0,34±0,03a 

 
0,33±0,02a > 0,4 

Carbon, % 7,1±0,4abc 7,2±0,1abc 7,7±0,2abc 4,5±0,2a 5,3±0,1ab 9,8-32 

C/N 14,2±0,3a 14,9±0,1ab 15,9±0,3abc 13,2±0,3a 14,0±0,2abc 10 – 20 

K2O, ppm 694±8abc 697±3 abcd 589±6ab 697±4abc 459±5a > 200 

P2O5, ppm 841±3abcd 784±3ab 744±3a 817±3abc 809±5abc > 100 

Ca, ppm 1096±3abcd 987±3abc 802±3abc 673±4a 782±2ab < 25500 

Al, ppm 1282±2abcd 1023±3ab 1098±3abc 1101±2abc 1012±3ab < 2200 

Fe, ppm 1663±3abcd 1542±1abc 1502±5abc 1452±4ab 1103±2a < 2000 

Mg, ppm 1020±3a 1192±3abcd 1102±3abc 1123±2abcd 1098±3ab < 600 

pH 6,6±0,01ab 6,8±0,02ab 6,7±0,03ab 6,7±0,04ab 6,7±0,01a 6,8-7,5 

Water 

content,% 
35±2abcd 30±3ab 28±1,5a 33±1,8abc 32±1,8abc < 50 

CEC, 

meg/100g 
27,2±0.3a 28,3±0.2ab 28±0,3ab 29,2±0,2abc 29±0,3abc > 25 

Remark : Unequal notation (a, ab, abc, and abcd) on each line indicates that the 

parameter values are different for each treatment 

 
Based on Table 3, the parameters of compost quality except the magnesium and carbon 

content parameters from the composting result for 69 days for all treatments have met 
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the criteria of compost quality standard SNI 19-7030-2004 [223]  and the compost 

quality standard suggested by the Japanese Association of Bark Compoand [18] and 

[19]. The adequacy of oxygen during the composting process results in carbon from 

biomass being used by microbes for cell synthesis and released in the form of CO2. 

While the content of magnesium in biomass at the beginning of the composting process 

is already high. 

The K2O, Fe, Ca, Al and Mg content in the soil particularly at the root zone of harvested 

potatoes was higher than of potatoes before planting [20] ; [21]. The differences found 

were:   194 ± 12 ppm, 116 ± 16 ppm, 1056 ± 26 ppm, 22,6 ± 10 ppm and 307 ± 22 ppm 

respectively [1]. The total production of potatoes tubes which were fertilized with the 

cow manure, cow manure + rice husk, cow manure + elephant grass, cow manure + 

sawdust, and cow manure + straw was 20 ton/ha. The total number for each treatment 

was: 23,2 ± 0.8, 25,9 ± 0,5, 26,5 ± 0,5, 27,9 ± 0,2 and 27,2 ±0,3 ton/ha (Setiyo et al., 

2017). 

CONCLUSIONS AND SUGGESTION 

The composting process by open windrow with 170 cm pile height ran optimally. The 

temperature of the composting process reached the peak at 58 oC in average. This 

condition was able to support the microbes to flourish and decompose the biomass into 

smaller compounds as well as produce minerals that can construct micro and macro 

properties of an organic fertilizer. 
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